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AEROSOL DELIVERY SYSTEMS AMD METHODS 



Part A: Single-Dose Aerosol Delivery System 



1. Background 

Aerosol delivery of drugs, vaccines, and other therapeutic, preventative, and 
diagnostic medical products has the potential to replace injections by needle and syringe 
in many instances. Use of aerosol delivery avoids many of the drawbacks of injection, 
including need for skilled personnel, risk of blood-borne disease, high cost, patient 
aversion to injection, and the need to safely dispose of used needles and syringes. 

In the specific case of measles, vaccination is one of the most cost-effective 
public health measures available, and a global eradication campaign is presently under 
consideration by the World Health Organization (WHO). Unlike past and ongoing 
eradication campaigns for smallpox and polio, however, a simple and low-cost vaccine 
administration technique is not presently available for measles. Current practice remains 
injection using a needle and syringe, despite extensive prior research showing the high 
efficacy of aerosol vaccination. 

In collaboration with the Centers for Disease Control and Prevention, Creare is 
developing an aerosol device especially suited for mass vaccination campaigns against 
measles. This device uses a micromachined array of tiny orifices to create a fine aerosol 
that can be administered via a nasal prong or facemask. It avoids many of the practical 
drawbacks of the jet nebulizer systems used successfully in the past for research, making 
it highly suitable for mass campaigns throughout the world, notably in developing 
countries. 

In the U.S. healthcare system, vaccinations are typically delivered on an 
individual basis during clinic visits and regular checkups rather than in mass campaigns. 
Since the Creare/CDC mass campaign device has been optimized for mass campaigns, an 
alternative device is needed for use in individual settings. In particular, a device is 
needed that can deliver a single dose of vaccine efficiently without requiring cleaning or 
significant setup time. 



2. Summnmairy 

Described below is an aerosol device for delivery of drugs, vaccines, and other 
therapeutic, preventative, and diagnostic medical products that uses a low-cost disposable 
aerosolizing element that contains an orifice array, actuation diaphragm, product feed 
tube, as well as a nasal prong or mask. All parts of the device in contact with the medical 
product (e.g., vaccine) or with the patient are disposable so that cleaning or flushing is 
unnecessary. The reusable portion of the device contains an oscillator driven by a 
piezoelectric crystal, electronics to provide the excitation of the crystal, and rechargeable 
battery pack. While initiated with vaccination against measles in mind, this invention has 
applications in delivery of a wide range of other medical products. 
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3. Description 

Fundamental Approach . Figure 1 shows schematically the aerosol generation 
approach used by the device. Rapid motion of the piezoelectric-driven oscillator 
(vibrating actuator) compresses the diaphragm, forcing fluid (the medical product) out of 
the micromachined orifices (e.g., ~ 5 urn holes) in the form of a set of droplets of similar 
nominal size. Rebound of the oscillator and diaphragm draw fresh fluid from the feed 
tube into the region immediately beneath the orifices for the next cycle. 

Gravity Feed 
of Liquid 




Figure 1. Aerosol Generation Principle 



Disposable Aerosolizing Element . Figure 2 illustrates an example embodiment of 
the disposable aerosolizing element. The aerosolizing element consists of a plastic body 
with a feed tube and a chamber that is bounded by the micromachined orifice surface and 
the flexible diaphragm. The orifice surface may be plastic, metal, or ceramic, depending 
on the manufacturing technique. A removable tape seals the orifices against 
contamination until just before use. Typical diameters for the micromachined orifices are 
about 5 um. These orifices can be manufactured by several methods including laser 
drilling, electroforming, or chemical etching. 
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Figure 2. Disposable Aerosolizing Element 



The feed tube can be pre-filled with vaccine, pharmaceutical, or other medical 
product by the manufacturer, or it can be filled by a healthcare worker just prior to 
administration using a needle, vial piercing fitting, or other means. The removal of a tape 
or breaking of a tab exposes the opening at the distal end of the feed tube for filling at the 
time of administration and for venting of the feed tube to atmospheric pressure so that 
liquid can be ejected from the orifices. 

Disposable cones or other shapes made of paper or plastic are used to make 
contact with the patient in the form of nasal prongs or face masks. These disposables are 
discussed further below. 

Example Device Embodiments . Figure 3 illustrates an example device 
embodiment. The disposable aerosolizing element and disposable prong or mask slide 
into place on the device. The diaphragm on the aerosolizing element contacts an actuator 
that vibrates to eject aerosol. In this embodiment, vibration is induced by a piezoelectric 




Figure 3. Portable Handheld Device 



The device shown uses a small air pump to provide a positive pressure airflow to 
the prong or mask. Holes in the aerosolizing element allow the air to exit near the ejected 
aerosol droplets to entrain them and direct them. Use of the air pump can help to reduce 
the release of aerosol to the environment around the patient by enabling a closed system. 
The device can be also used without an air pump by providing vents around the base of 
the prong or mask. In this configuration, ejection of the aerosol will entrain air from the 
room (drawing in through the vents). Doing away with the air pump can reduce the size 
of the device and the power draw. 



Part B: Single-Dose and Pre-filled Aerosolizing Elements 
1. Background 

Aerosol delivery of drugs, vaccines, and other therapeutic, preventative, and 
diagnostic medical products has the potential to replace injections by needle and syringe 
in many instances. Use of aerosol delivery avoids many of the drawbacks of injection, 
including need for skilled personnel, risk of blood-bome disease, high cost, patient 
aversion to injection, and the need to safely dispose of used needles and syringes. 
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Part A described single-dose aerosol delivery system featuring a novel disposable 
aerosolizing element that generated aerosols by a "Vibrating mesh" approach. That 
system relied on gravity feed and would usually be pre-filled only with a single liquid 
component (drug or other product). Part B describes additional innovations that enable 
disposable aerosolizing elements to be fed directly from a vial for single or multi-dose 
use, to be pre-filled with multiple components including non-liquids (e.g., lyophilized 
vaccines along with diluents), and to be fed by capillary action rather than gravity. 

2. Summary 

Described below is an aerosolizing device for delivery of drugs, vaccines, and 
other therapeutic, preventative, and diagnostic medical products that uses a low-cost 
disposable aerosolizing element that can be fed by capillary or gravity action, can be pre- 
filled with multi-component products, and can interface directly to a product vial. The 
disposable element contains an orifice array and actuation diaphragm as well as feed 
channels to supply liquid. It also includes a storage chamber for separate storage of 
multiple components, including powder, solid, or liquid components and an actuation 
mechanism to enable mixing of the components just prior to administration. The element 
can also contain an interface to a storage vial. The element connects directly with a 
disposable nasal prong or mask, enabling all parts of the device in contact with the 
medical product (e.g., vaccine) or with the patient to be disposable, preventing cross- 
contamination if the reusable portion of the device is used among multiple patients and 
reducing or eliminating requirements for cleaning. 

3. Description 

Figures 4(a) and 4(b) show schematically the aerosol generation approach used by 
the device. Rapid motion of the piezoelectric-driven oscillator (vibrating actuator) 
compresses a region of the element called the diaphragm, forcing fluid (the medical 
product) out of the micromachined orifices in the form of a set of droplets of similar 
nominal size. Rebound of the oscillator and diaphragm draw fresh fluid into the region 
immediately beneath the orifices for the next cycle. The diaphragm may contact the back 
of the orificed surface as shown in Figure 4(b) (e.g., via one or more dimples) to transmit 
vibration to the surface to induce ejection of droplets. Dimples may also be used as 
spacers to control the distance between the plates and hence the capillary head and 
pressure loss. 

As shown, the liquid can be fed via gravity as shown in Fig. 4(a) (also described 
above in Part A) or by capillary action as shown in Fig. 4(b). In the case of capillary 
feed, the dimensions of the flow channel in the element as well as the diameter of the 
orifices determine the ability of the element to maintain liquid feed. The flow channel 
dimension must be small enough so that fluid will wick up through the channel to prime 
the device with liquid prior to aerosolization. Once primed, the dimension of the orifices 
sets the maximum driving head for capillary feed during aerosolization. The flow 
channel dimension must be adequate to supply the required flow rate without inducing a 
pressure loss that exceeds the capillary or gravity head. 
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Fig 4(a) Fig. 4(b) 



Aerosol Generation and Liquid Feed: 4(a) Gravity Feed and 4(b) Capillary Feed 



The disposable element can be rilled at the time of use. Figure 5 illustrates an 
example embodiment of the disposable aerosolizing element that interfaces to a vial. The 
sharp vented fitting pierces the rubber septum of the vial. Two flow passages in the 
probe provide for liquid extraction and venting of air to replace the liquid extracted from 
the vial. The configuration can be used with either gravity or capillary feed. 
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Figure 5. Disposable Aerosolizing Element with Vial Mount. Vial and vibrating horn shown in 
light grey. Porous plug allows air to pass through while reservoir fills but prevents leakage of 
liquid due to surface tension. 
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Figure 6 illustrates a second embodiment of a disposable element that connects to 
a vial. A flexible plastic or rubber reservoir connects to the flow channel of the 
aerosolizing element. The element is loaded like a squeeze bulb on an eyedropper. Prior 
to insertion of the sharp piercing fitting (which needs only a single flow passage here) 
into the vial, the user collapses the reservoir by finger pressure. After insertion, finger 
pressure is removed, and the reservoir expands back to its normal shape, drawing liquid 
into the reservoir. The configuration can be used with either gravity or capillary feed. 



Aerosolizing 




Figure 6. Disposable Aerosolizing Element with Squeezable Reservoir 
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Altemative versions of the disposable aerosolizing element provide for pre-filling 
of the element at a pharmaceutical manufacturer. Figure 7 shows a configuration 
designed for pre-filling with a single liquid component. At time of use, sealing tape is 
removed from the orifices, and the vent port is opened by removing a seal or breaking a 
tab. The configuration can be used with either gravity or capillary feed. 



Sealing 




Liquid 



Tape Plate 



Figure 7. Pre-filled Disposable Aerosolizing Element for Single-Component Liquid 
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Figure 8 shows an embodiment of a disposable element that can be pre-filled with 
two liquid components. One liquid component is pre-filled into the base and flow 
channel. The other liquid component is pre-filled into a reservoir. To reconstitute the 
two components at time of use, one pushes down on the outer plug to pressurize the 
reservoir. Due to the incompressibility of the liquid, the pressure forces the inner plug 
out of the reservoir and into the wider area of the base, providing a flow path for mixing 
of the liquids. The reservoir and base of the element may be fabricated of materials 
favorable to the long-term storage of the respective components (e.g., low-permeability 
plastic or glass). The configuration can be used with either gravity or capillary feed. 




Figure 8. Pre-filled Disposable Aerosolizing Element for Two Liquid Components 



MPG:ejv 4/1/04 6395-68278 



Express Mail No. EV339204334US 



- 11 - 

Figure 9 depicts an embodiment that can be pre-filled with a solid, dry, or 
powdered component and a liquid component (e.g., lyophilized vaccine and diluent). The 
liquid is pre-filled into the base. The solid component is pre-filled into the reservoir. 
Since the reservoir may be of a simple shape such as a circular cylinder, it may be readily 
fabricated of low permeability materials (such as glass) to prevent moisture ingress or 
other contamination over a long shelf-life. To reconstitute the components, the outer 
plug is depressed. A rod (made of a non-reactive material such as glass) transmits the 
motion to the inner plug to force it out and provide a pathway for mixing. 




Tape 



Figure 9. Pre-filled Disposable Aerosolizing Element for One Dry and One Liquid 
Component 

Any of the element embodiments shown or variations thereof may be attached to 
reusable devices that contain piezoelectric vibrating surfaces (e.g., as shown in Part B) to 
generate the aerosol. 
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Part C: Vaccination Device Using Disposable Aerosolizing 
Element and Dose Rate Monitor 

1. Background 

Aerosol delivery of drugs, vaccines, and other therapeutic, preventative, and 
diagnostic medical products has the potential to replace injections by needle and syringe 
in many instances. Use of aerosol delivery avoids many of the drawbacks of injection, 
including need for skilled personnel, risk of blood-borne disease, high cost, patient 
aversion to injection, and the need to safely dispose of used needles and syringes. 

In the specific case of measles, vaccination is one of the most cost-effective 
public health measures available, and a global eradication campaign is presently under 
consideration by the World Health Organization (WHO). Unlike past and ongoing 
eradication campaigns for smallpox and polio, however, a simple and low-cost vaccine 
administration technique is not presently available for measles. Current practice remains 
injection using a needle and syringe, despite extensive prior research snowing the high 
efficacy of aerosol vaccination. 

In collaboration with the Centers for Disease Control and Prevention (CDC), 
Creare is developing aerosol devices especially suited for mass vaccination campaigns 
against measles. The devices use an array of tiny orifices to create a fine aerosol that can 
be administered via a nasal prong or facemask. It avoids many of the practical drawbacks 
of the jet nebulizer systems used successfully in the past for research, making it highly 
suitable for mass campaigns throughout the world, notably in developing countries. 

An aerosol device configuration that includes a reusable orifice plate or mesh fed 
by permanent internal tubing is described in PCT Patent Application PCT/US02/07973 (a 
copy of which is attached as part of this provisional patent application filing), U.S. 
Provisional Patent Application Serial No. 60/276,539 and U.S. Patent Application 
No. 10/471,620 by CDC and Creare. One disadvantage of this device is that the reusable 
and permanent components that come in contact with the vaccine must be thoroughly 
cleaned after each session of use to prevent the growth of bacteria or other contaminants. 
Such cleaning and maintenance requirements pose a modest challenge in modem medical 
settings in developed countries but can prove to be extremely difficult to achieve with 
untrained personnel or in undeveloped regions of the world. 

As discussed above in Part A and Part B, disposable aerosolizing elements have 
been developed that contain the orifice plate or mesh and the complete fluid pathway in a 
low-cost disposable package. Since they contain all surfaces that contact the vaccine, 
these disposable elements eliminate the requirement for cleaning of the fluid passages 
and simplify device use. Combined with a disposable patient interface (mask or prong), 
the disposable aerosolizing elements enable a very simple individual-use device 
(described in Part A) to be constructed wherein all components that contact the patient or 
vaccine are single-use and disposable. 

The current disclosure applies the disposable aerosolizing element to the case of a 
device used for multiple patients, such as in a mass vaccination campaign. In developing 
regions, the cost of the disposable aerosolizing element may be too high to allow its 
disposal after a single patient's use. To make its cost acceptable, the disposable element 
needs to be used for a few tens of doses, for instance, over the life of a single multi-dose 
vial. The cost of the disposable patient interface will generally be much lower, enabling 
it to be a single-use item. Thus, operation would involve a new patient interface for each 
vaccinee and a new aerosolizing element for each new multi-dose vial of vaccine. 
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Monitoring or verifying the dose of aerosol delivered to a patient also poses a 
concern in aerosol vaccination, especially when young children are involved. Unlike 
with injection — where the delivery of the dose can be clearly observed — the delivery of 
vaccine by aerosol is more difficult to monitor. A rate measuring device that measures 
the rate at which aerosol is supplied to the patient provides an indication that the device is 
operating normally and providing the expected dose to the patient. 

Finally, it may be desirable that aerosol devices used in mass campaigns with high 
workloads or in remote areas have high battery capacity so that recharging can be delayed 
for significant periods of time. Since batteries may comprise the majority of the weight 
of the device, separation of the batteries and certain other components into a waist or 
shoulder pack dramatically reduces the weight of the handpiece. 

2. SUMMARY 

Described below is an aerosol vaccination approach that employs multiple-use 
disposable aerosolizing elements and an electronic aerosolization rate monitor. To utilize 
disposable aerosolizing elements with multiple patients, the device includes a mechanism 
for holding the elements in the device during use and specific features to manage the flow 
of air and aerosol and to prevent patient-to-patient contamination and to minimize the 
release of aerosol to the environment around the patient. These features include 
disposable porous masks (including masks with extensions to contain the entire aerosol 
flow pathway), an aerosol flow pathway that prevents direct contamination of the orifice 
plate or mesh, and distribution of pumped air to minimize loss of aerosol to contact with 
the walls of the aerosol flow pathway. While this disclosure is oriented towards 
vaccination (and especially measles vaccination), the inventions described can be applied 
more broadly to the delivery of drugs, vaccines, and other therapeutic, preventative, and 
diagnostic medical products. 

3. DESCRIPTION 

For convenience in describing the innovations, they are broken down into three 
areas: device mechanism, aerosol and air flow management, and aerosol rate monitor. 
These innovations may be used together or separately in design of an aerosol vaccination 
device. Various implementations of the disposable aerosolizing element itself have been 
described above in Part A and Part B and are not repeated here. 



3.1 Device Mechanism 

Figures 10, 11 and 12 show configurations of an aerosol device employing a 
disposable aerosolizing element (DAE). The configurations use differing methods of 
capturing and holding the DAE. 

In Figure 10, the forward section of the device housing is mounted on a slide. By 
releasing a catch using a button located just above the trigger (for easy use by the hand 
holding the device), the slide is released from its closed position and a DAE can be 
inserted. Closure of the slide captures the DAE and holds it against the piezoelectric horn 
with a proper force to ensure optimum aerosolization. In the slide-open position, the 
catch button can be depressed again to release a second catch allowing the slide to be 
removed from the device entirely for cleaning. 

In Figure 11, the piezoelectric horn is movable by a lever. To mount a DAE, the 
lever is positioned to move the horn back into the case so that the DAE can be inserted 
into a slot at the top of the housing. After the DAE is in position, the lever is positioned 
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to move the horn to its operating position in contact with the back surface of the DAE 
(again with proper force to ensure optimum output). 

In Figure 12, the forward portion of the device housing can rotate around a hinge 
located at the front of the case. When closed and latched, the front section of the housing 
captures the DAE and provides the proper force to provide optimum output. The latch 
can be released by pressing a button on the top or side of the housing, allowing the 
forward section of the housing to rotate forward and downward to release the DAE. The 
hinge is designed so that the front portion of the house can be removed for cleaning. 

Each of Figures 10-12 show examples of the grip handle configurations that may 
be used in the device. In addition, any of these device mechanisms may be used with a 
battery pack or other power supply mounted in the base of the device (described in PCT 
Application PCT/US02/07973, U.S. Provisional Application 60/276,539 and/or U.S. 
Patent Application 10/471,620) or with a waist or shoulder pack as discussed below. 




Disposable 
orous Mask 



Vial of Liquid 
Medical Product 



\ 










\ / 






Catch/* 
Button 

Trigger 




Figure 10. Device with Sliding Housing. Release of catch allows forward section of 
housing to slide. 
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Figure 11. Device with Movable Piezoelectric Horn. 

of contact with DAE. 



Lever moves horn in and out 
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Figure 12. Device with Rotating Housing. Release button allows rotation of 
forward section of housing. 



For a high-workload aerosol device, power dissipation in the piezoelectric horn 
(in the form of heat) may become of concern. The performance of piezoelectric 
components tends to degrade if the temperature rises above a safe operating range. (To 
maintain performance, even more power may be supplied to the piezoelectric material, 
but the higher power dissipation will result in even higher temperatures and ultimately 
potential failure.) To manage the heat, the piezoelectric component may be packaged 
with cooling fins or other extended surfaces to carry away the heat. If pumped air is 
used, the air may be used to cool the piezoelectric before the air is used to manage the 
aerosol flow. Figure 13 shows example embodiments. 
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Inlet from 
Air Pump 



Figure 13. Cooling Methods for Piezoelectric Component 



3.2 Waist/Shoulder Pack 

Figure 14 shows an embodiment of an aerosol device where the batteries and 
certain other components are located in a waist or shoulder pack instead of the base of the 
device handle. The device handpiece and base are then connected by an umbilical. In 
addition to the batteries, other components that can be located in the waist/shoulder pack 
are: 

• Electronic circuit board 

• Recharging circuitry and components 

• Air pump 

The complexity of the umbilical will depend on number of components located in the 
waist/shoulder pack. For instance, if the air pump is included, a low-pressure air line 
must be part of the umbilical. The umbilical may be permanently connected at both ends 
to the handpiece and waist/shoulder pack or may use quick-release connectors at one or 
both ends. Typical embodiments of the waist/shoulder pack will package the device 
components into a plastic or metal case that can be carried within the wide range of waist, 
shoulder, or backpacks available commercially (or with other carrying cases). 
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Control, Charging and 
Drive Electronics 




Waist/Shoulder Pack 



Figure 14. Example of Separation of Device Components into Handpiece and Waist/Shoulder 
Pack. Example shows air pump in waist/shoulder pack. Air pump may be placed in handpiece. 

3.3 Aerosol/Air Management 

Several different configurations may be used to manage the aerosol and air flow 
in the device. These configurations vary in whether they use an air pump, the type of 
patient interface employed, and the level of concern over environmental release of 
aerosol. The following paragraphs describe specific aspects of the inventions with 
respect to aerosol/air flow. 

Open Vented System . Figure 15 shows a device using a simple "open" system for 
conveying aerosol from its generation point at the DAE to the patient. The momentum of 
the aerosol droplets entrains air from open vents around the DAE mounting to provide the 
driving force for flow. The flow of aerosol and air can be delivered to a mask or prong. 
Optionally, pumped air flow can be added. If delivered via jets as shown, the pumped air 
will entrain additional air from the vents (jet-pumping effect) resulting in a total air flow 
well above the flow delivered by the air pump alone. This flow will augment the air flow 
entrained by the aerosol. Inspiration by the vaccine will also augment the flow. 
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(Optional) 



Figure 15. Open Vented Path for Aerosol and Air Flow 

The angle of the flow passage prevents the direct impingement of a cough or 
sneeze particle on to the active portion of the DAE surface. In general, contaminants are 
very difficult to re-aerosolize unless they fall directly onto the orifice or mesh surface, so 
patient-to-patient is substantially prevented by restricting the pathway for direct 
impingement. To minimize loss of the aerosol onto surfaces, the flow passage should be 
arranged to use the minimum length and bend angle that prevents direct impingement. 

The open vented path does not prevent exhalation from the vaccinee from causing 
retrograde flow, forcing aerosol out of the vents to the environment. 
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Vented System with One- Way Valves . Figure 16 shows a system that is vented 
through one-way valves such as flapper valves. The one-way valves on the device allow 
inspiratory air to be drawn into the flow passage to carry the aerosol to the patient. The 
valves prevent retrograde flow during exhalation and stop the release of vaccine aerosol 
directly from the device to the environment. Additional one-way valves at the mask are 
required to release expiratory flow. Aerosol remaining in the expiratory flow will be 
released to the environment during exhalation. As with the open vented system above, an 
optional air pump may be used. The flow from the air pump will help to carry the aerosol 
to the vaccinee. 




Figure 16. Vented System with One-Way Valves 
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System with Porous Mask . Figures 17(a), 17(b) and 18 illustrate configurations 
of the aerosol device using disposable porous masks. In Figures 17(a) and 17(b), the 
porous mask attaches to the outlet of the flow passage on the housing of the device. The 
mask itself is a disposable, but the flow passage is a permanent, cleanable part of the 
device. In Figure 18, the device features a larger porous component consisting of the 
mask and an extension that comprises essentially the entire flow passage. The advantage 
of this configuration is that the entire flow passage is disposable. 




Fig. 17(a) Fig. 17(b) 

Figures 17(a) and 17(b). System with Porous Mask Attached to Flow Port. Figure 17(a) shows system 
with simple flow passageway. Figure (17)b shows system with addition of air plenum to reduce aerosol 
deposition in the tube. 



MPGrejv 4/1/04 6395-68278 



Express Mail No. EV339204334US 



-22- 




Figure 18. System with Porous Mask and Extension Comprising Flow Passage 

Both porous masks are manufactured of a moldable or formable porous material, 
such as a nonwoven. Similar materials are used, for instance, in some surgical masks or 
in dust masks. The porous material permits air flow but traps particulate, including the 
vaccine aerosol. Thus, the vaccinee may exhale through the mask and not release aerosol 
to the surrounding environment. The mask has adequate flexibility to conform to a 
variety of facial shapes, and different sizes can be provided for infants, children, and 
adults. 

Porous masks can be used in a closed system with or without an air pump. If the 
mask fits well to the face, no pathway is available for leakage of aerosol to the 
environment. Any aerosol will be filtered by the mask material. Either a one-way 
inspiratory valve located near the DAE or an air pump is needed with a closed system and 
the porous mask. Without either of these, the vaccinee will tend to breathe through the 
mask and receive little of the aerosol. With a one-way inspiratory valve (set to open at 
low-pressure differential), inspiratory flow will draw through the valve, entrain the 
aerosol, and deliver it to the patient. With an air pump, the flow will carry the aerosol to 
the vicinity of the mask where the vaccinee's inspiration will draw it in. 

3.4 Aerosolization Rate Monitor 

Figures 19 and 20 show an invention for monitoring the aerosolization rate of an 
aerosol vaccination device during operation. The aerosolization rate monitor (ARM) 
provides feedback to the user on whether the aerosol output lies within an acceptable 
range. As shown in Figure 19, the ARM monitors aerosol output by measuring the 
obscuration of a beam of light. The light may be supplied by a laser (e.g., small diode 
laser) or by a light emitting diode (LED) or other light source. Scattering of the light by 
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the aerosol results in an attenuated beam incident on a detector (e.g., photodiode). An 
electronic circuit processes the signal from the detector and provides a digital readout of 
aerosolization rate illuminates indicator lights showing the rate is within the acceptable 
range (e.g., green light) or outside of the range (e.g., red light). 
Aerosol 

Plume Solid State 

Laser or LED Detector 



Light 
Beam 



Amplifier and 
Level Detector 



Indicator 
Lamps 

->o 



Figure 19. Schematic Diagram of Aerosolization Rate Monitor Operation 
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Figure 20. Sample Embodiment of the Aerosolization Rate Monitor in Device 
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As shown in Figure 20, the ARM light source and detector may be located 
remotely with the beam delivered by tubes with mirror placed near the end. Alternative 
the beam may be delivered using fiber optics. In either case, a purge flow of air deflects 
aerosol away from the optical surfaces and protects the final optics from contamination. 

Figures 21-24 are photographs showing one exemplary prototype device that 
incorporates many of the features described above. 




Figure 21. Unit with slide-open mechanism. Mechanism partly open. Lying on top of waist 
pack.. 
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Figure 23. Unit with porous mask install as patient interface. 
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Batteries 
(Waist Pack) 




Figure 24. View of unit with housings open. 



Although the invention has been disclosed in this patent application by reference 
to the details of some preferred embodiments, it is to be understood that this disclosure is 
intended in an illustrative rather than in a limiting sense, as it is contemplated that 
modifications will readily occur to those skilled in the art within the spirit of the 
invention. 
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Sample Claims: 

1 . A aerosolizing element for use in aerosolizing an agent, comprising: 
a body having an exterior surface and a chamber defined therein; 

an inlet defined in the body adjacent the exterior surface for connection to 
a source of agent, the inlet being in fluidic communication with the chamber; 

agent releasing orifices defined in the body and in communication with the 

chamber; and 

a movable element having an inner surface that defines a portion of the 
chamber and an outer surface comprising a portion of the exterior surface of the body, the 
movable element being capable of moving in response to an external force applied to the 
outer surface to expel agent in the chamber through the orifices. 

2. The aerosolizing element of claim 1 , wherein the movable portion is 
deformable, and the movable portion deforms under the external force to increase 
pressure in the chamber, thereby expelling agent from the chamber through the orifices. 

3. The aerosolizing element of claim 1 , wherein the movable element 
comprises a flexible diaphragm. 

4. The aerosolizing element of claim 1, wherein the chamber includes an 
internal passageway portion in communication with the inlet and a main chamber portion 
generally opposite the orifices. 

5. The aerosolizing element of claim 1, wherein the chamber is filled with a 
predetermined quantity of agent and the inlet is sealed. 

6. The aerosolizing element of claim 1 , further comprising a removable 
cover positioned over the inlet to reduce entry of undesired material into the chamber, the 
cover being removable for connecting the element to the source for filling with agent. 

7. The aerosolizing agent of claim 1, further comprising an extension portion 
connected to the body, the extension portion being frangible to expose the inlet. 

8. The aerosolizing agent of claim 1, wherein the inlet is a vial interface, and 
the vial interface is shaped to receive a needle attached to a vial of agent. 

9. The aerosolizing element of claim 1 , wherein the chamber can be filled 
with agent via gravity feed from the inlet. 

1 0. The aerosolizing element of claim 1 , wherein the chamber can be filled 
with agent via capillary action. 
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1 1 . The aerosolizing element of claim 1 , wherein the chamber has an inner 
surface with protrusions defining channels capable of wicking agent upwardly via 
capillary action. 

12. The aerosolizing element of claim 1, wherein the external force applied to 
the movable member comprises vibratory oscillations causing the movable member to 
reciprocate and alternatingly increase pressure in the chamber to expel agent and decrease 
pressure to draw additional agent into the chamber. 

13. The aerosolizing element of claim 1 , wherein the chamber is pre-filled 
with at least two components of an agent to be aerosolized that are mixed within the 
chamber prior to aerosolization. 

14. The aerosolizing element of claim 1 , wherein the body includes a needle 
portion shaped to receive a vial of agent and wherein an end of the needle defines the 
inlet. 

15. The aerosolizing element of claim 1 , wherein the element is disposable 
after use. 

16. The aerosolizing element of claim 1 , wherein one side of the body is 
adapted for direct attachment to a patient interface for conveying aerosolized agent from 
the orifices towards a patient. 

17. The aerosolizing element of claim 1, wherein the chamber includes an air 
vent separate from the inlet. 

18. A handheld aerosolizing device, comprising: 

a disposable aerosolizing element capable of expelling aerosolized agent; 

a battery-powered oscillator positioned to exert vibratory oscillations on a 
portion of the disposable aerosolizing element to aerosolize agent in the element; and 

a patient interface shaped to deliver aerosolized agent expelled from the 
disposable aerosolizing element to a patient, 

wherein the disposable aerosolizing element is removable from the device 
for installation and disposal. 

1 9. The device of claim 1 8, further comprising an air pump capable of 
drawing air into the device to assist in delivery of aerosolized agent through the patient 
interface. 

20. The device of claim 19, wherein some of the air conveyed by the air pump 
is directed to cool the oscillator. 
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21 . The device of claim 18, further comprising venting holes positioned to 
allow entry of air into the device to assist in delivery of aerosolized agent through the 
patient interface. 

22. The device of claim 18, wherein the disposable aerosolizing element has 
an internal chamber at least partially defined by a flexible portion that can be manually 
squeezed by a user to create a negative pressure within the chamber to assist in filling the 
chamber with agent. 

23. A handheld aerosolizing device, comprising: 

an aerosolizing element capable of expelling aerosolized agent; 

a battery-powered oscillator positioned to exert vibratory oscillations on a 
portion of the disposable aerosolizing element to aerosolize agent in the element; and 

a patient interface shaped to deliver aerosolized agent expelled from the 
disposable aerosolizing element to a patient, 

wherein a fluid passageway from a source of agent to the patient interface 
is substantially contained within the aerosolizing element and the element is separately 
removable from the device. 

24. The device of claim 23, wherein the source of agent is contained within 
the aerosolizing element. 

25. The device of claim 23, wherein the aerosolizing element is shaped for 
direct connection to the source of agent. 

26. The device of claim 23, wherein the aerosolizing element is pre-filled with 
a volume of agent and sealed against leakage prior to use. 

27. The device of claim 26, wherein the volume of agent is sufficient for 
delivery of multiple single doses. 

28. The device of claim 23, further comprising a vial containing agent for 
direct coupling to the aerosolizing element. 

29. The device of claim 23, wherein the patient interface is a mask intended 
for disposal after each use. 

30. The device of claim 23, wherein the patient interface is a mask intended 
for disposal after each use that is porous and entraps aerosol from patient's exhaled air. 

3 1 . The device of claim 23, wherein the patient interface is a nasal prong 
intended for disposal after each use. 

32. The device of claim 23, further comprising an aerosolization rate monitor 
that allows monitoring of aerosolizing rates during use. 
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33. The device of claim 23, wherein at least the aerosolizing element, the 
patient interface and the oscillator are arranged together in a housing sized for holding in 
a hand of user. 

34. The device of claim 32, further comprising a component separate from the 
housing in which at least batteries are positioned, the component having a power 
connection to the housing. 
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SYSTEMS AND METHODS FOR 
AEROSOL DELIVERY OF AGENTS 

FIELD OF THE INVENTION 

5 This disclosure relates generally to the delivery of agents, and more 

particularly, to systems and methods for delivery of agents using portable aerosol 
devices. 

BACKGROUND 

1 o Medicines and other agents have been administered with needles and syringes 

for many years. Needles and syringes have posed a variety of problems for patients 
and medical personnel who administer agents to the patients, including injection 
safety, needle stick injury, disposal problems, transmission of blood borne diseases, 
and needle shortages during mass vaccination campaigns. The replacement of 

1 5 needles and syringes as the primary delivery vehicle for agents has the potential for 
tremendous cost savings, increased safety and reduction of biomedical wastes. 

Currently there exist at least three methods for administration of agents using 
pulmonary delivery devices, including; nebulizers, metered dose inhalers, and dry 
powder inhalers. Much of the equipment used for aerosol delivery is cumbersome ' 

20 and has not been widely employed for many treatment methods. Nebulizers are 

commonly used in hospitals for the treatment of respiratory diseases. In practice, a 
nebulizer uses compressed gases to convert a solution of the agent into fine droplets. 
The droplets are administered to the patient through an air stream that the patient 
breathes inwardly through a mouthpiece or mask. As the patient breathes, the agent 

25 is delivered to the patient's lungs and absorbed therein. 

Typically, nebulizers rely upon an external compressed gas source to convert 
a solution of the agent into fine droplets. As a result of the need for an external 
source of compressed gas, nebulizers tend to be bulky and difficult to move. Further, 
the effectiveness of a nebulizer depends upon proper inhalation by the patient, which 

30 can be difficult to monitor and to teach to the patient. 

Additionally, nebulizers fall short of an adequate design because they fail to 
provide a consistent, uniform droplet size. Instead, nebulizers produce a wide range 
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of droplet sizes, often with the droplet size being too large for lung absorption. Thus, 
the patient either gets less of the agent than is necessary or the nebulizer must 
administer more of the agent than is necessary so that at least an effective amount 
will be delivered to the patient. With such methods, the agent is wasted and there is a 
5 risk that the patient will inhale too much of the agent and be overdosed. 

Currently used jet nebulizers function in the same general way. Liquid is 
drawn up to an air nozzle by capillary forces and/or the Bernoulli effect. At the 
nozzle, a high-speed air jet shatters the liquid into droplets. Droplets blast against an 
impactor to break them up further into smaller droplets. Like most atomization 
1 0 processes, this droplet generation process results in a size distribution. To obtain the 
desired small aerosol droplets, baffles capture large droplets (which cannot follow 
the airflow path well), leaving the fine aerosol in the output stream of the nebulizer. 
The larger droplets recycle to the liquid reservoir of the nebulizer. 

This nebulization process is inherently inefficient. Measurements show that 
1 5 typical nebulizers only convert about 1 % of the aspirated liquid to fine aerosol 
droplets. Thus, liquid will normally be recycled well in excess of twenty times . 
before it reaches the desired size and is exhausted from the nebulizer. The 
inefficiency of the jet nebulizer poses problems to its use for aerosol vaccination. 
High velocity is needed in the air jet '.-j provide the energy required to break the 
20 liquid into sufficiently small droplets, necessitating relatively high air supply 

pressures in flow rates. Compressing air to provide this supply requires significant 
power, either human or electric. 

Fluid recycling in the nebulizer in the small amount of vaccine required for 
each dose results in the inability to operate on a dose-by-dose basis. Many doses 
25 need to be present in the nebulizer in order for droplet coalescence on the baffles in 
other surfaces to return liquid to the reservoir. In addition, the repeated mechanical 
stress of atomization on the vaccination particles in the liquid risks diminishing the 
viability of the vaccine. 

Further compounding the inherent problems found in prior nebulizer design is 
30 the required duration of drug administration. Typically, nebulizers require several 
minutes of use to administer a proper drug dosage. Accordingly, the patient is 
required to maintain the desired breathing technique throughout the application 
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period. Even so, such precision by the patient is seldom found in practice. 
Therefore, such nebulizers are inefficient and impractical drug delivery devices. 

Another system for delivering an agent is a metered dose inhaler (MDI). 
MDI represents the most widely used system for pulmonary delivery of agents, 

5 especially pharmaceuticals, and consists in part of a canister which holds the agent, 
together with a propellant, typically a chlorofluorocarbon (CFC). A patient may self- 
administer the agent by activating the canister, thereby releasing a high velocity air 
stream consisting of a mixture of air and the agent. As with the nebulizers, MDl's 
produce a wide range of droplet sizes; however, only a small portion of the droplets 

1 0 produced are absorbed by the patient. 

Administration of the agent is effective only if the patient coordinates 
inhalation with activation of the canister. Problems arise if the patient fails to 
coordinate inhalation with the release of the agent by the canister. Specifically, the 
agent can be deposited at the back of the throat, rather than on the interior walls of 

1 5 the lungs, thereby causing the agent to be ingested, digested and expelled from the 
patient rather than being absorbed directly by the bloodstream or being effective on 
site in the lungs. Although spacer devices have been developed to overcome the 
difficulty of press-and-breathe coordination, problems still exist with the inhalation 
technique and compliance monitoring. Accordingly, MDl's have not proved to be an 

20 effective system of pulmonary delivery. 

Additionally, MDIs suffer from the reliance on a propellant. 
Chlorofluorocarbons have long been the propellant of choice, and these compounds 
have severe environmental consequences. Thus, the use of chlorofluorocarbons are 
being phased out. The replacement propellants may not be as safe or effective for 

25 pulmonary delivery devices. 

Still another method of pulmonary or inhalant delivery is the dry powder 
inhaler (DPI), introduced to the marketplace as a replacement for the MDI systems, 
particularly to overcome the need for a chlorofluorocarbon propellants. A DPI uses a 
portable canister that stores an agent in a dry powder state. Patients can self- 

30 administer the agent by inhaling small, dry particles. Unlike other methods of 

pulmonary delivery, agents used with DPI's must be prepared as a solid, must be able 
to tolerate storage in a solid phase, and must be capable of complete dispersion at the 
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point of delivery. As a result, many agents are not compatible for use with the DPI 
method of delivery. Accordingly, DPI's may be an ineffective method of delivery of 
agents. 

Thus, a need exists for effective systems and methods for administering an 
5 agent in an aerosol form, without a needle, and in more accurate dosages. Further, a 
need exists for portable delivery systems that provide an agent to patients in a form 
that may be rapidly absorbed. 

SUMMARY OF THE DISCLOSURE 

10 The present disclosure comprises methods and systems for delivery of agents 

that do not require use of needles to gain entry into a biological system. More 
particularly, the present disclosure comprises methods and systems of delivery of 
agents using portable devices comprising pneumatic, ultrasonic or jet aerosol 
methods. For example, such systems and methods can be used for delivering agents 

1 5 such as pharmaceuticals, chemotherapeutics, immune agents, and vaccines. 

Preferred embodiments of the present disclosure overcome problems of other devices 
that rely on external air sources or power supplies. 

An embodiment of the present disclosure provides methods and systems for 
administering one or more agents to multiple patients (either human or non-human) ■ 

20 in single dosage applications or to an individual patient for multiple administrations. 
For example, many patients can be immunized with an inhaled vaccine composition 
using the present disclosure without the need for needles or reloading of the device 
with the composition. In other applications, the composition may be administered to 
one individual. For example, only a single vaccine or drug dose is administered 

25 using aerosol administration methods of the present disclosure while the remainder of 
the vaccine or drug remains unaffected in the vial. 

Preferred embodiments of the present disclosure insulate the agent so that it is 
not adversely affected by outside temperature during administration or storage. 
Furthermore, the present disclosure comprises embodiments that allow control of an 

30 air and agent mixture in order to insure that a patient receives a predetermined dose 
of the agent. Moreover, the present disclosure comprises embodiments that provide a 
portable power source that can be self-contained within the device. 
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An embodiment of the present disclosure comprises the following example. 
A preferred method comprises administration of a vaccine composition using the 
devices of the present disclosure. For example, the device comprises an' insulated 
housing connected to a body defining a vial. The vial is designed to contain a 
5 vaccine or drug composition. The vial is located in an inverted position within the 
body and connected to the housing. A cooling means, such as one or more 
replaceable ice packs, can be located on the inner sides of the insulated housing to 
reduce or maintain the ambient temperature surrounding the vial. The vaccine 
composition is delivered to the recipient's airway using pneumatic, ultrasonic or jet 
10 propulsion means and devices. 

The present disclosure comprises systems and devices comprising aerosol 
generation means and power sources, and may further comprise fluid recycling of the 
compositions to be delivered and positive pressure output. Preferred embodiments 
comprising pneumatic and ultrasonic means generally employ aerosol generation 
1 5 means comprising direct microdrilled surfaces, whereas jet aerosol embodiments 
preferably comprise air blast atomization. Power sources employed by the present 
disclosure preferably comprise compressed air or electrical means. 

Preferred methods of the present disclosure comprise delivering agent 
compositions by placing a prong into one of the patient's nares and then activating 
20 the aerosol delivery system. For example, when an external trigger is depressed, the 
system converts the agent composition into numerous droplets. Preferably, the 
droplet composition is mixed with air and transported from the delivery system 
through a prong into the patient's naris. 

In one aspect of the disclosure, a timer controls the droplet formation of the 
25 agent composition. The timer can initiate a signal for the droplet formation to cease, 
and a valve is controlled to allow air to be released from the air reservoir. If it is 
desired that another dose be administered, a second dose can be delivered from the 
vial into a mixing chamber upon depression of the external trigger. 

In yet another aspect of the disclosure, preferred ultrasonic embodiments 
30 include an electronic drive powered by rechargeable batteries. The batteries may be 
recharged by means known to those skilled in the art, including the use of a hand- 
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cranked dynamo and/or an associated AC power converter. The dynamo and 
associated AC power converter can be separate or self-contained within the system. 

Another aspect of the present disclosure comprises embodiments wherein 
only one dose of the agent composition is mixed with air and delivered to the patient, 
5 thereby protecting the remainder of the agent composition in the vial from 

degradation due to any heat or other deleterious effects produced during the delivery 
process. 

, Another aspect of this disclosure is the use of replaceable or reusable form 
fitting cold packs rather than ordinary ice to maintain the temperature of the agent 
10 composition while it is stored in the vial. 

Still yet another aspect of this disclosure is the use of a prong for accurately 
directing the agent composition mixture into the patient's orifices, such as the mouth 
or the nares, for administration to the patient for effective treatment. 

Yet another aspect of preferred embodiments of the present disclosure is the 
15 use of an anti-backflow valve to prevent contamination of the system by configuring 
the prong and valve so that a straight path from the prong outlet through the valve 
does not exist. 

Still another aspect of the present disclosure is the incorporation of a positive 
pressure air source within the delivery system. 
20 As the following description and accompanying drawings make clear, these 

and other aspects or objects are achieved by the present disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a side view of an embodiment of the present disclosure. 
25 Figure 2 depicts a section view of an embodiment of the delivery system 

comprising an ultrasonic system. 

Figure 3 shows a cutaway side view of another embodiment of the present 
disclosure comprising a pneumatic system. 

Figures 4A and 4B are side and end views, respectively, of a prong for a jet 
30 aerosol agent delivery system. 

Figure 4C is a section view taken generally along line 4C-4C in Figure 4B 
and Figure 4D is a section view taken generally along line 4D-4D in Figure 4A. 
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Figures 5A-5B illustrate top and side views of an embodiment of the present 
disclosure comprising a pneumatic aerosol generator. 

Figure 5C is a cross-sectional view taken generally along line 5C-5C in 
Figure 5A. 

5 Figure 6 is an enlarged illustration of portions of an orifice plate and actuator 

for use in a pneumatically activated aerosol generator embodiment of the present 
disclosure as shown in Figure 5C. 

Figure 7 depicts a schematic diagram of alternative embodiments of the 
present disclosure. 

1 0 Figures 8A-8C illustrate components of an alternative embodiment of the 

present disclosure for use in a large scale or mass immunization procedure. 

Figures 9A and 9B illustrate a sectional side view and end view, respectively, 
of another embodiment of the present disclosure. 

Figure 10 is an enlarged cross-sectional view of a prong and aerosol generator 
1 5 used in the embodiment of Figure 9A. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The present disclosure is directed to methods and systems, including devices, 
for delivery of agents, preferably by aerosol delivery. Preferred systems for such ' 

20 delivery comprise jet nebulizer systems, pneumatic and ultrasonic aerosol generation 
systems. Preferred methods comprise administration of agents for treatment of living 
organisms, such as for methods of vaccination. 

Use of the present system for agent delivery, such as for vaccination 
purposes, provides many benefits. The present system replaces the use of needles 

25 and syringes, and reduces the costs of agent delivery. Additionally, the present 
system allows for treatment of patients by less-trained staff, another cost saving 
benefit, and also helps prevent the spread of blood borne diseases by reused needles. 

The aerosol delivery systems and methods of the present system are capable 
of providing agents in a continuous aerosol stream at a steady flow rate, may or may 

30 not need electrical power, are portable, and have a replaceable prong. For 

vaccination purposes, many of the embodiments may keep up to 100 doses of 
vaccine at a selected temperature, (for example around 9° C) for up to 8 hours, and 




employ a trigger mechanism to draw a selected dose from such storage and deliver 
that dose. Additionally, the devices of the present system can be used to deliver from 
1 to 500 doses an hour, preferably 1 to 250 doses an hour, and more preferably 1 to 
100 doses per hour. The devices also provide a non-threatening appearance to reduce 
5 fear of treatment in patients. It is preferable that the systems and devices are easy to 
disassemble and clean. 

Preferred methods of the present disclosure comprise delivery of agents such 
as vaccine compositions. The methods of the present disclosure comprise delivery of 
vaccine compositions via aerosol administration. The present disclosure 

10 contemplates the use of any vaccine composition that can be delivered via aerosol 
administration. Particularly preferred vaccination compositions arc those for 
measles, mumps and rubella. Such compositions may comprise measles vaccine, 
mumps vaccine, rubella vaccine and combinations and mixtures such as measles and 
mumps, rubella and mumps, measles and rubella, and measles, mumps and rubella. 

1 5 The vaccines further comprise pharmaceutical or formulation components such as 
those known in the art, including, but not limited to, diluents, compounding agents, 
surfactants, and agents to maintain sterility. 

Aerosol administration takes advantage of the benefits of such administration. 
The respiratory system, including the lungs, provides for a large surface area for 

20 absorption or adsorption of agents, and can be used for localized or systemic 
treatment of the recipient. 

Agents, as used herein, comprise agents that can be administered to living 
organisms for an effect in the treated organism. Such agents include live and killed 
organisms for vaccination, immunogens, immune activators or suppressors, 

25 chemotherapeutics, pharmaceuticals, nucleic acids, insulin, hormones, antibodies and 
fragments thereof, receptors, proteins, carbohydrates, fats, nutrients, anesthetics, 
narcotics, and pain relievers. 

Figures 1 and 2 show two views of an embodiment of an ultrasonic delivery 
system which uses direct droplet generation, such as using a piezoelectric-driven 

30 actuator to eject droplets. The hand-held device can be operated by various power 
systems, including a wind-up power supply such as a muscle recharged battery used 
in portable radios, to operate the ultrasound electronics. Standard electrical supplies 
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can also be used, including batteries, AC power sources, DC power sources, or solar 
power. Such systems may also comprise a bayonet-mounted cold pack and a 
disposable prong that prevents contamination by backflow. 

In operation, to provide a positive-air supply, the user squeezes a handle in 
5 the grip of the device prior to administering each dose to fill the air reservoir. On 
triggering of a dose, air is delivered along with the aerosolized agent via the prong, 
into the treated organism or patient. The air dose helps transport the agent into the 
respiratory tract of the treated organism or patient. It also enables sealing of the 
device at the base of the prong reducing the risk for unintended release of aerosol if 
10 the prong valve is closed, since openings for entrained air are not required. The air 
dose deliverable by this system preferably will be relatively small, from 50 to 200cc, 
more preferably 1 OOcc, to make the grip-actuated charging pump feasible. If a larger 
air dose is required, a more substantial air supply can be used with the present 
system. 

15 Figures 3, 5A-5C and 6 illustrate the design of a hand-held aerosol delivery 

device comprising a pneumatic aerosol generator and components thereof. A plate 
drilled with many small orifices ejects the droplets on each stroke of a piston 
actuator. Figure 6 shows a more detailed example of an operating portion of such a 
system. A compressed air source powers a pneumatic oscillator to drive the actuator. 

20 Exhaust air from the oscillator carries the aerosol away and provides a positive- 
pressure output stream. A bayonet-mounted cold pack contains the agent and helps 
to maintain it at a low temperature during administration of multiple doses. The 
device delivers a dose of agent upon each pull of a trigger. A disposable prong with 
an integral anti-backflow valve prevents contamination due to sneezes or other events 

25 by the treated organism. 

Figures 5A-5C show an embodiment of a pneumatic aerosol generator. The 
generator comprises a pneumatic oscillator, a microdrilled orifice plate for direct 
droplet generation and flow passages for the agent, air and output stream. Air from 
storage tanks or a compressor enters the oscillator. The area and spring rate of a 

30 poppet valve, or piston, in the system are balanced so that the valve behaves 
unstably, shuttling back and forth, or reciprocating, from a closed to an open 
position. The valve stem strikes a piston, or actuator, to provide the pressure pulse 
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needed to eject droplets from the orifice plate. Exhaust air from the poppet valve is 
ducted to entrain the aerosol droplets and carry them out under positive pressure to 
the prong. 

The prong of the present device preferably is disposable and intended to fit 

5 easily into the orifices of the treated organism, such as the mouth or naris of the 

treated organism, to introduce the aerosol and to prevent contamination of the aerosol 
generator by sneezing or other forceful exhalation by the treated organism. 

Figures 4A-4D show a preferred embodiment of a prong incorporating an 
anti-backflow valve. An inverted cone provides the moving valve element. Flexible 

1 0 supports, or biasing members, shown here as leaf springs, suspend the element within 
the valve body, holding it in the open position during normal flow and allowing it to 
seat to halt backfiow. Varying the width and thickness of the supports controls the 
sensitivity of the valve. The base line support design automatically returns the valve 
to the normally open position when backfiow ceases, but the present system 

1 5 contemplates other design modifications so that the valve could remain in the closed 
position until reset. 

Multiple barriers to backfiow contamination are provided by the present 
disclosure. One of these comprises the moving valve. Other barriers to 
contamination include the length of the forward portion of the prong, which provides 

20 a clean buffer of air against contaminants that could leak around the valve while it is 
closing. During normal flow, clean air and aerosol flow through the prong and fill it 
up until the start of backfiow. It is the clean air and aerosol in a prong body that rush 
backward to close the valve as contaminated flow begins to enter at the exit of the 
prong, preventing contamination during valve closure. Additionally, the prong body 

25 and valve elements are shaped so that a straight path from the exit of the prong 

through the valve does not exist. This prevents contamination by a forceful ejection 
of a high-speed droplet from the treated organism into the prong. The angled tip of 
the prong provides one barrier and the design of the valve provides another. Fine 
aerosols that travel with the air stream can negotiate these paths, but larger high- 

30 speed ejection droplets will be captured by the walls and will not reach the aerosol 
generator. 
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Such a pneumatic system has several advantages. No recycling of fluid 
occurs during aerosolization and eliminates the need for a large fluid inventory or 
multiple exposures of the agent to mechanical stress. The positive-pressure output 
stream provides forced flow of aerosol that minimizes the need for cooperation of the 
5 patient for controlled inhalation. In a preferred embodiment, the device is compact 
and does not need electricity for operation. Compressed air provides the power to 
operate the system. 

The compressed air can be provided in any means known to those skilled in 
the art. For example, a pneumatic system may use the modular air supply shown in 

1 0 Figure 8C. For maximum mobility, compressed air can be stored in one or two 

backpack mounted tanks. The person providing treatment can then use the hand-held 
delivery system while on the move with only a single slim air hose connected to the 
backpack. In stationary use, the hand-held unit can be connected to a compressor or 
an air supply such as those delivered through wall units in hospital settings. 

1 5 Figures 8A-8C show an embodiment of a jet nebulizer comprising two main 

parts, a backpack mounting the air supply system comprising air tanks, regulator and 
other fittings, and a cold box containing the nebulizer, agent, and dose controls. A 
simple air hose connects the two pieces of the system. To administer a dose, the user 
presses a plunger on the top of the cold box. The nebulizer chamber is periodically 

20 refilled by pressing a second plunger. 

Refrigeration means are included in the present system, which extend the 
period of time between removal of agent vials from their cold storage container and 
loss of potency due to elevated temperature. Any means of providing refrigeration or 
coolant to the agent is contemplated by the present disclosure and cold packs are a 

25 preferred means. 

The present disclosure also comprises dosage control. Dosage control is 
provided preferably by a single-handed, single-stroke trigger that actuates a dosage 
delivery system that dispenses a timed dose of agent. Dosage control may be 
effected by means of an electronic timing circuit or a pneumatic timer and an 

30 adjustable needle valve. The pneumatic timer is activated with a spring-loaded 

plunger, which upon compression, expels the air in the plunger shaft through a check 
valve. The spring causes the plunger to retract slightly, forming a vacuum in the 
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plunger shaft, which is connected to one side of a diaphragm of a vacuum-controlled 
pneumatic relay. The vacuum on one side of the pneumatic relay engages a valve 
that allows air to pass from the air supply to the nebulizer or aerosol generator. 
Attached to the plunger shaft is a needle valve that allows flow to bleed back into the 

5 shaft to gradually relieve the vacuum and close the air valve controlled by the 
pneumatic relay. The bleed rate and plunger spring constantly control the rate at 
which the vacuum is relieved, which in turn determines the dosage time. 

Figure 7 depicts various combinations of the components of the present 
disclosure. Such embodiments and various other combinations are contemplated by 

10 the present disclosure. Such embodiments can be used as mobile aerosol vaccination 
systems or systems for delivery of agents. 

Preferred embodiments are further disclosed in the following descriptions. 
Figure 1 depicts an embodiment of an aerosol delivery system 8. The aerosol 
delivery system 8 includes a body, or housing, 1 0 and an insulated cooling receptacle 

15 12. The receptacle 1 2 is connected to the body 1 0, with contact by the exterior 
surface 14 of the body 10 to the receptacle 12. The insulated receptacle 12 may be 
connected to the body 10 with snap fittings, adhesives, or any other detachable 
connection that is known by one of ordinary skill in the art. The insulated receptacle 
12 may consist of any lightweight, durable material including, but not limited to, ■ 

20 plastic, metal, composite, or a wood product. 

The body 10 comprises a handle body 16 for a user to grip or to hold the 
aerosol delivery system 8 with one or two hands. A pump handle 18 connects to the 
body, and functions as a pump as one means for pressurizing the aerosol delivery 
system 8. The body 10 may be designed into other shapes for gripping or holding 

25 the aerosol delivery system 8 with one or two hands. The pump handle 18 also can 
be designed into other shapes for manually pressurizing the aerosol delivery system 
8. 

Figure 2 shows a cutaway interior view of the ultrasonic aerosol delivery 
system 8 shown in Figure 1. The insulated receptacle 12 contains thermal packs, 
30 also referred to herein as coolant or ice packs, 20 that can connect to the interior 

walls of the receptacle 12. The ice packs 20 are replaceable in the receptacle and can 
be reusable or disposable. The design of the ice packs 20 may include various rigid 
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or flexible exterior surfaces for molding Ihe ice packs 20 into a conforming shape to 
provide an internal chamber for receiving and holding a vial. Further, the ice packs 
20 may include an external or internal continuous member that is cylindrical in form 
or it may include numerous external or internal members oriented to provide a 
5 relatively high surface area for the ice pack 20. Located between the ice packs 20 is 
the vial chamber 22. The vial chamber 22 can be cylindrically-shaped, but may be 
formed in other shapes in order to fit closely with the shape of a vaccine or drug vial 
24. 

A vial 24 is located in an inverted position within the receptacle 12, when the 
10 receptacle 12 is connected to the body 10. The vial can contain an agent or vaccine 
to be administered to a patient. The vial 24 is held in place by contact with the 
interioTsurface of the tee packs~20 — Additionally, the vial 24 is held in place by a 
vent probe 26 and an agent probe 28. The agent probe 28 is a small cylindrical tube 
with a pointed end 30 that is used to puncture a rubber cap 32 incorporated or 
1 5 connected to the vial 24. Alternatively, the agent probe 28 can include other shaped 
tubes, including rectangular or square, that can puncture the rubber cap 32 of the vial 
24. 

For example, the vial 24 can be used to store a reconstituted measles vaccine. 

The ice packs 20 can be used to maintain the reconstituted measles vaccine at a 
20 constant temperature so that the vaccine is not adversely affected by ambient or 

external temperature. 

The vent probe 26 can be connected to the agent probe 28 where the agent 

probe 28 enters the insulated receptacle 12. The vent probe 26 typically is longer, 

but of a similar shape as the agent probe 28. The vent probe 26 can be a hollow 
25 cylinder that connects with the hollow portion of the agent probe 28. The vent probe 

26 is operable to allow air to be drawn from outside of the vial 24 to replace the 

volume of an agent or vaccine that is dispensed from the vial 24 via the vaccine 

probe 28. 

The aerosol delivery system 8 includes an ultrasonic nebulizer 36 that 
30 contains a plate member or screen with numerous small holes, or orifices, with an 
approximate opening size of 4 to 10 microns, and more preferably 6 to 8 microns. 
The nebulizer may comprise a piezoelectric actuator operatively coupled to a power 
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source. The agent probe 28 can be connected to the ultrasonic nebulizer 36 via a 
section of flexible tubing 38 to carry a quantity of agent from vial 24 to nebulizer 36. 
In operation, a user depresses a trigger and timer switch 40 connected to- the 
ultrasonic nebulizer 36. In doing so, a signal is sent from the switch 40 to nebulizer 
5 drive electronics, or circuit, 42 connected to the ultrasonic nebulizer 36, wherein the 
signal can be processed. In turn, the nebulizer drive electronics 42 relays a signal to 
the ultrasonic nebulizer 36 to begin operation. The ultrasonic nebulizer 36 converts 
an agent drawn from vial 24 via the agent probe 28 into droplets of a very small size 
(preferably in a range of from 5 to 10 microns). Other types of nebulizers or devices 

10 that disperse an agent into a droplets of a very small size also can be used. 

The aerosol delivery system 8 also includes an air control valve 44, an air 
reservoir 46, a mixing chamber 48, and an anti-backflow valve 50. Depression of the 
switch 40 opens the valve 44 which allows air stored within the air reservoir 46 to be 
released into the associated mixing chamber 48. The air that is expelled from the air 

1 5 reservoir 46 mixes with the nebulized agent in the mixing chamber 48, and opens the 
anti-backflow valve 50. The air and agent mixture then is free to flow past valve 50 
and through a prong 54 into the naris of the patient. 

The prong 54 may be of a rigid or flexible design and constructed from 
plastic, rubber, or other suitable mat rial. Additionally the prong may be made of 

20 paper, with or without coating for low cost, easy disposability (as by burning), and 
can absorb some nasal secretions to prevent contamination. A prong can be sized in 
various configurations to fit into a patient's naris or as an oral prong for the mouth. 
The prong 54 is typically located after the mixing chamber 48 and can be removed 
from the aerosol delivery system 8 for replacement or disposal. Note that other types 

25 of propellants can be used, and that air is an example of a compressed gas that can be 
used to mix with the nebulized agent for delivery to a patient. 

Figures 4A-4D depict various views of a prong 54 for use with an aerosol 
delivery system 8. The prong 54 includes an inlet channel 58, an anti-backflow valve 
50, and a prong outlet 60. The anti-backflow valve 50 is located within the prong 54 

30 and prohibits external or ambient air from flowing back into the system 8. Valve 50 
includes a plurality of flexible supports, or leaf springs, 64, a valve seat, or body, 66, 
and conical moving valve member 68 mounted on one set of ends of supports 64. 
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The leaf springs, or supports, 64 function to maintain the anti-backflow valve 68 in a 
normally open position, which allows an aerosol output stream to flow through the 
prong 54 and through the valve 50. After the aerosol output stream flow passes 
through the valve 50 and prong outlet 60, leaf springs 64 may compress and allow 

5 the moving valve 68 to seat securely against the valve body 66. The leaf springs 64 
return to their starting position once air has ceased to travel into the prong exit 60. 
Further, the valve body 66 and the moving valve member 68 are sized so that the 
flow area through the major portion of the length of prong 54 remains larger than the 
flow area at the prong exit 60. This ensures that the anti-backflow valve 50 does not 

10 impede the flow and reduce output from the prong 54. Additionally, the prong 54 
can be shaped so that a straight-line path from the prong outlet 60 through the valve 
50 Hoes not existrTheprong~outlet 60 can be angled to provide a physical barrier to 
a straight-line flow path through the prong 54, and the design of the anti-backflow 
valve 50 can provide another such physical barrier. 

1 5 The pneumatic trigger and timer switch 40 can be equipped with an internal 

timer that determines the desired time of application. For example, this may be 
approximately 30 seconds from the start of administration of the agent. When 
approximately 30 seconds has elapsed, a signal is sent from the pneumatic trigger 
and timer switch 40 to the nebulizer drive electronics 42. The switch 40 then closes, 

20 preventing air from leaving the air reservoir 46. The anti-backflow valve 50 returns 
to the closed position upon a reverse flow of air into the mixing chamber 44. The 
dose timing provided by the trigger and timer switch and the drive electronics may 
provide for variable timing of dose, including separate periods of pre-dose air flow, 
dose nebulization, and post-dose flushing of the prong. 

25 Once a dose of the drug or vaccine has been administered, the air reservoir 46 

is recharged using an air reservoir charging pump 72 operatively connected to pump 
handle 18. The air reservoir charging pump 72 is located within the housing 10 and 
connected to the air reservoir 46. Specifically, the air reservoir 46 is recharged by 
manually and repeatedly applying pressure to a charging pump handle 18 connected 

30 to the housing 10 via a pin 74. 

Power used to operate the nebulizer 36 can be supplied by a rechargeable 
battery pack 78. The battery pack is contained within the housing 10 and is 
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electrically connected to the pneumatic trigger and timer switch 40 and an AC power 
converter 80. The battery pack 78 can be recharged in several ways. First, a hand- 
crank dynamo 84, located at the bottom portion of the body 10, can be used to 
recharge battery pack 78. Second, the battery pack 78 may be recharged through the 
5 use of an AC power jack 86 in cooperation with an external power supply (not 
shown) and the AC power converter 80. 

Figure 3 depicts an alternate embodiment, which includes a pneumatic 
aerosol generator delivery system or device. The embodiment shown in Figure 3 . 
somewhat resembles the embodiment detailed previously and shown in Figures 1 and 

10 2, however, there are some differences. Here the agent contained within the vial 24 
can be delivered to and nebulized with a pneumatic nebulizer 90. The pneumatic 
nebulizer 90 provides functions similar to and substitutes for the ultrasonic nebulizer 
36 as described in Figures 1 and 2. An external air supply 92 connects to the 
pneumatic nebulizer 90 to provide an air source. The pneumatic nebulizer 90 is 

1 5 powered by air from the external air supply 92. The nebulized agent can be delivered 
to a patient after the agent has been mixed with the air from the external air source 
92. 

Generally, the external air source 92 can be any source of pressurized air that 
is external to the body 10 of the aerosol delivery system 8 and is further operable to, 

20 connect to the pneumatic nebulizer 90 or other type of nebulizer. For example, the 
air source 92, as further described and depicted in Figure 7, may include a hand or 
foot pump 96, a portable compressor 98, a stationary compressor 100, or a low 
pressure air tank 102 that can be recharged using either a hand or foot pump 96, a 
portable compressor 98, or a stationary compressor 100. 

25 Figure 6 depicts an orifice plate 106 of a nebulizer (for example, shown and 

described in Figure 3 as 90) for an aerosol delivery system. The orifice plate 106 
typically has numerous openings, or orifices, 108 of approximately 6 to 8 microns in 
diameter. Disposed substantially parallel to and spaced a short distance from orifice 
plate 108 is an actuator plate 110 with a liquid receiving chamber 112 therebetween. 

30 Aerosol droplets of the vaccine liquid are formed by a pressure pulse created by the 
rapid vertical reciprocation motion of an actuator 110 that forces the liquid through a 
multitude of small openings 108 in a microdrilled orifice plate 106. On each cycle of 
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the actuator 110, during upward movement a series of droplets 116 are ejected from 
all of the openings simultaneously, then the actuator retracts (pulling in fresh fluid 
from a supply reservoir, or vial, through tube 38) for the next cycle. When a dose of 
agent is provided to the nebulizer 90, the nebulizer 90 can form voluminous amounts 
5 of small drops 116 of the agent. 

Figures 5 A-5C illustrate a pneumatic nebulizer 90 for use with an 
embodiment of an aerosol delivery system such as described generally with regard to 
Figure 3. Figure 5A illustrates an end, or top, view of the nebulizer, and Figure 5B 
shows a side view of the nebulizer. Figure 5C shows a cross-sectional view of the 

1 0 nebulizer taken generally along the line 5C-5C in Figure 5A. The pneumatic 

nebulizer 90 includes a housing 120 that can be connected to a compressed air supply 
—(shown in Figures-3 and 7 as 92)— The pneumatic nebulizer 90 can include an inlet 
orifice 122, an actuator, or accumulator, chamber 124, a valve plate 126, an orifice 
plate 106, an impact pin 128, a spring 132, a valve plate seating surface 134, a 

15 mixture chamber 136, a diaphragm 110, and an aerosol outlet 138. The diaphragm 
110 is similar to actuator 110 in Figure 6 and in cooperation with orifice plate 106 
provides a Vaccine chamber 112. Air from the compressed air supply 92 is typically 
introduced to the nebulizer 90 through inlet orifice 122. The inlet orifice 122 leads to 
an actuator chamber 124 (also referred to as an accumulator volume) where the 

20 compressed air can collect within the housing 120. The valve plate 126 is seated 
upon seating surface 134 above the actuator chamber 124. The impact pin 128 and 
spring 132 are operatively interposed between the valve plate 126 and the diaphragm 
110. The orifice plate 106 is located above the diaphragm 110. The spring 132 is 
positioned around the impact pin 128 and between the diaphragm 110 and the valve 

25 plate 126 so that a force against the valve plate 126 can compress spring 132 and 
push the diaphragm 110 toward orifice plate 106. An agent can be introduced into 
chamber 112 between the diaphragm 1 10 and the orifice plate 106. The mixture 
chamber 136 is located above the orifice plate 106 and concentrically positioned 
around the plates 126, 106, pin 128, and spring 132 elements. The mixture chamber 

30 136 leads to the orifice outlet 138 which interfaces with the ambient or external air. 

A support sleeve 144 having holes 146 formed therein supports orifice plate 
106 and diaphragm 110 at its upper end. A guide plate 150 secured in sleeve 144 and 
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having a central bore guides pin 128 in its vertically reciprocating motion and 
provides an upper support for the top end of spring 132. 

When the compressed air supply 92 supplies air through the inlet orifice 122 
to the actuator chamber 124, the compressed air places pressure upon valve plate 

5 126. As the air pressure builds against the valve plate 126, eventually the pressure 
overcomes the force of the spring 132. At this pressure, the compressed air moves 
the valve plate 126 away from valve plate seating surface 134 and air passes through 
holes 146 and enters the mixture chamber 136. Movement of the impact pin 128 
with valve plate 1 26 causes the diaphragm 1 1 0 to move in direct relation to the valve 

10 plate 126 and the impact pin 128. This movement forces diaphragm 110 toward 

orifice plate 106 to cause a portion of the agent in chamber 1 12 to move through the 
lrFairdpemnp~(showfras 108 irTFigures 5A~and 6) within the orifice plate 106 and 
produces fine droplets 1 16 of the agent. The droplets of the agent then enter the 
mixing chamber 136 where the pressurized air carries the droplets toward the aerosol 

1 5 outlet 138. The impact pin 128 travels only a short distance before the air pressure 
bearing against the valve plate 126 is less than the force generated by the spring 132. 
As a result, the spring 132 returns the valve plate 126, the impact pin 128 and the 
diaphragm 110 to their respective original positions. This reciprocation cycle is 
repeated rapidly to produce numerous droplets of agent for administration to a patient 

20 and continues until the compressed air supply 92 is shut off. 

Figures 8A-8C show an embodiment of a jet nebulizer aerosol delivery 
system with other portable accessories. Rather than mounting an insulated receptacle 
12 on the exterior surface 14 of the system 8 as shown in Figures 1-3, a cold box 156 
as shown in Figure 8 A can be used to contain a stored amount of the agent to be 

25 delivered to patients. The box further contains the nebulizer, agent and dose 
controls. The cold box 156 is operative to maintain the agent at a constant 
temperature. The box and the air supply are connected by the use of conventional 
flexible tubing (not shown). Additionally, the cold box 156 is designed so that it can 
be attached to a backpack frame 158 as shown in Figure 8B. To administer a dose, 

30 the user presses one of plungers 162, 164 on the top of the cold box 156. The 

nebulizer chamber is periodically refilled by pressing the other of plungers 162, 164. 
The jet nebulization system may recycle a large fraction of the fluid during operation. 
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The behavior necessitates a relatively large reservoir of fluid within the nebulizer 
chamber, with a minimum liquid level for effective operation. 

Figure 8C illustrates a portable air supply 168 for an aerosol delivery system. 
The air supply 168 includes a pressure gauge 170, one or more air tanks 172, a 
5 pressure regulator 174, a fill valve 176, and a carbon filter 178. The pressure gauge 
170 connects to the air tanks 172, and displays the air pressure in the tanks 172. 
Further, the pressure regulator 174 connects to the air tanks 172, and limits the 
amount of pressure that is to be supplied to a nebulizer. The air tanks 1 72 can be 
filled with pressurized air via an associated fill valve 176. As air from the air tanks 

10 172 is dispensed to the nebulizer, air travels from the air tanks 172 through the 
pressure regulator 174 and an associated carbon filter 1 78 to the nebulizer. 

Figure 7 shows a schematic diagram of embodiments of ah aerosol delivery 
system including several alternative components for use in the system. An air supply 
92 may include a direct, manually-operated, hand or foot pump 96, a direct, powered 

15 air source supplied by a portable compressor 98, a stationary compressor 100, or a 
rechargeable low-pressure air tank 102. As shown the low pressure air tank may be 
supplied with pressurized air by either a hand or foot pump 96, portable compressor 
98, or stationary compressor 100. Additionally, cold (or thermal) packs 20 may 
either be reusable or disposable. Furthermore, delivery of the nebulized agent from 1 

20 the nebulizer 32 to a patient can be through a nasal prong 54 or an oral prong 56. 
Note that a variety of alternative components can comprise the present system. The 
components shown in Figure 7 are by way of example, and are not intended to limit 
the scope of the invention. 

Figures 9A and 9B illustrate another embodiment of an aerosol delivery 

25 system 180. It is somewhat similar to that illustrated and described in relation to 
Figures 1 and 2. It includes a body, or housing, 182 and an insulated cooling 
receptacle 184. The insulated receptacle 184 may be constructed as previously 
described in regard to the embodiment illustrated in Figures 1 and 2 and is capable of 
enclosing a vial 186 into which a vent probe 188 and agent probe 190 extend. 

30 The aerosol delivery system 180 includes an ultrasonic nebulizer 192 that 

contains a plate member or screen 194 with numerous small holes, or orifices, with 
appropriate size openings to deliver agent as described. The agent probe 190 is 
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connected to the ultrasonic nebulizer 192 through a tube 196 to carry a quantity of 
agent from vial 186 to nebulizer 192. 

Referring to Figure 10, the nebulizer 192 includes an orifice plate 194 and an 
underlying actuator plate. The orifice plate and actuator plate may be similar to those 
5 shown and described at 106, 110 in Figure 6 with a chamber 1 1 2 therebetween into 
which fluid, or agent, may be drawn from vial 186. An ultrasonic element 200 is 
operable to vibrate the actuator plate to drive.droplets of fluid, or agent, from the 
orifice plate as previously described. 

Referring again to Figure 9A, a battery pack 202, nebulizer electronics 204, 
1 0 and trigger switch 1 98 are operati vely interconnected to each other such that pressing 
of trigger switch 198 actuates the nebulizer electronics to provide electrical power 
from the battery pack to drive the ultrasonic drive element 200. 

Mounted within body 182 is an electrically operated air pump 206. An air 
inlet side of pump 206 is connected through a tube 208 to one side of an air filter 
1 5 210. The opposite side of the filter 212 is open to atmosphere, such that air for 
supplying the device is drawn through filter 210 to pump 206. Another tube 214 
connects the outlet side of air pump 206 to a region adjacent nebulizer 192. 
Referring to Figure 10, air from the pump and tube 214 may enter an air plenum 218 
surrounding the base end of nebulize r 192. Air under pressure may escape from 
20 plenum 218 through a plurality of orifices, or bores, indicated generally at 220. 

The air pump also is operatively connected to the trigger switch and battery 
pack, such that depressing the trigger switch causes the air pump to draw air through 
filter 210 and discharge it through tube 214 into plenum 218. The pressurized air 
then escapes through orifices 220. 
25 A nasal prong 224 is removably coupled to body 182 adjacent nebulizer 192. 

In the illustrated embodiment (best shown in Figure 10) the nasal prong is formed in 
two pieces; a curved prong body 226 and a base, or cowl, portion 228. The body and 
base portions 226, 228 can be manufactured as two molded pieces that snap-fit 
together, with the base portion having an end that is removably received on a part of 
30 body 182. The body portion 226 is upwardly curved to produce a path which inhibits 
contamination of the nebulizer elements and other reusable portions of the system. 
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The base portion 228 includes a centrally located converging nozzle section 
230, the lower end of which surrounds the orifice plate of the nebulizer. An air 
passage 232 is provided between nozzle section 230 and the nebulizer. Pressurized 
air from plenum 218 exiting through bores 220 may travel through air passage 232 
5 and out through nozzle section 230 into prong body portion 226 to be delivered to a 
patient. 

The base portion is designed to direct an air and aerosol stream away from the 
orifice plate outwardly into the prong body to be delivered to a patient. It aiso 
provides what may be termed a gutter 234 around the inner periphery of the base to 
10 collect any nasal drippings, condensation, vaccine, or other fluid for disposal with the 
prong. 

Operation of the device illustrated in Figure's 9A, 9B, and 10 is somewhat 
similar to that previously described for other embodiments. Explaining briefly, 
prong 224 is inserted into a patient's orifice and trigger switch 198 is depressed. 

15 This starts air pump 206 to provide air through tube 214 to plenum 218 and into the 
interior of nozzle section 230. Actuation of the trigger switch also initiates operation 
of ultrasonic nebulizer 192 which draws agent from vial 186, and ejects it in small 
droplets into the air stream flowing through nozzle section 230. This is carried in an 
air/aerosol stream outwardly into the prong to be delivered to a patient. 

20 While various embodiments have been described above, these descriptions 

are given for purposes of illustration and explanation. Variations, changes, 
modifications and departures from the systems and methods disclosed above may be 
adopted without departure from the spirit and scope of this disclosure. 
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CLAIMS 

What is claimed is: 

1 . A system for administering an agent, comprising: 
a housing; 

5 a cooling chamber connected to the housing capable of receiving a vial 

containing an agent and operable for maintaining the agent at a selected temperature; 
an air source operable to provide positive pressure air; 
a nebulizer operable for converting an agent into an aerosol; 
a mixing chamber to receive the aerosolized agent from the nebulizer and air 
10 from the air source; 

a release mechanism operable for releasing a quantity of the agent from the 
vial to the nebulizer, wherein the agent is converted into an aerosol and the 
aerosolized agent is mixed with air from the air source in the mixing chamber; 

a prong with an inlet and an outlet, wherein the inlet is operable to receive the 
1 5 aerosolized agent and air mixture from the mixing chamber, and the outlet is 

operable to deliver the aerosolized agent and air mixture to a patient when the prong 
is inserted into a patient's orifice; and 

an anti-backflow valve between the mixing chamber and the prong outlet, 
operable to permit flow from the mixing chamber to the prong, and to inhibit flow in 
20 a reverse direction. 

.2. The system of claim 1 , wherein the air source is contained within the 
housing. 

3. The system of claim 1 , wherein the cooling chamber comprises a 
replaceable ice pack. 

25 4. The system of claim 1 , which further comprises a source of electrical 

energy connected to the nebulizer. 

5. The system of claim 1 , wherein the air source comprises a compressed 
air chamber coupled to said housing. 

6. The system of claim 1, wherein said air source comprises an external 
30 source of compressed air. 

7. The system of claim 1 , wherein the release mechanism comprises a 
manually activated trigger on said housing. 



• 
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8. The system of claim 7, wherein said trigger is operatively coupled to 
said nebulizer and air source such that upon actuation of the trigger the nebulizer 
produces aerosolized agent and air under pressure is mixed with the aerosolized agent 
for delivery to a patient. 
5 9. The system of claim 7 which further comprises a timing circuit, which 

upon activation of the trigger controls the timing of the release of agent from the vial 
to the nebulizer, conversion of the agent into an aerosol, mixture of the aerosolized 
agent with air, and delivery of the aerosolized agent and air mixture to a patient. 

1 0. The system of claim 1, wherein the prong comprises a hollow tube 
10 configured to fit closely in a patient's naris. 

1 1 . The system of claim 1 , wherein the prong comprises multiple internal 
channel portions in angularly disposed relation to each other so that a direct path 
does not exist from the prong outlet through the anti-backflow valve. 

12. The system of claim 1 , wherein a vial has a selected external 

1 5 configuration, and said cooling chamber has an internal configuration shaped to 
closely fit about the external configuration of said vial. 

1 3. The system of claim 1 , which further comprises an agent probe 
operable to extend into said vial to permit drawing the agent from the vial. 

14. The system of claim 1 3, which further includes a vent probe capable 
20 of extending into the vial to admit air into the vial as agent is drawn therefrom via 

said agent probe. 

1 5 . The system of claim 1 , wherein said air source comprises an air 
chamber within said housing. 

1 6. The system of claim 1 , wherein said air source comprises a manually 
25 actuated pump on said housing. 

1 7. The system of claim 1 , which further comprises a battery coupled to 
said housing and connected to the nebulizer. 

1 8. The system of claim 1 7, wherein said battery is rechargeable, and said 
system comprises an AC power converter coupled to said housing. 

30 1 9. The system of claim 1 7, wherein said battery is rechargeable, and 

which further comprises a manually actuated dynamo mounted on said housing and 
operatively connected to said battery for recharging the battery. 
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20. The system of claim 1 , wherein the prong comprises an elongate 
tubular member having an aerosol inlet portion adjacent one of its ends and a patient 
engaging portion adjacent its opposite end configured to fit closely in a patient's 
orifice. 

5 21. The system of claim 20, wherein said anti-backflow valve is 

positioned in said prong intermediate said aerosol inlet portion and patient engaging 
portion. 

22. The system of claim 1 , wherein said prong comprises a prong body 
and said anti-backflow valve comprises a valve seat, a valve closure member 
10 shiftable toward and away from the valve seat between closed and opened positions, 
and a plurality of support members operatively connecting said valve member to the 
prong body-permitting shifting of the valve member between its opened and closed 
positions under the influence of the direction of air pressure imposed upon the valve 
member. 

15 23. The system of claim 22, wherein said valve member is substantially 

. conical. 

24. The system of claim 22, wherein said support members comprise leaf 
springs. 

25. The system of claim 1 , wherein said nebulizer comprises an -lltrasonic 
20 nebulizer. 

26. The system of claim 25, wherein said ultrasonic nebulizer comprises a 
piezoelectric actuator operatively connected to a power source. 

27. The system of claim 1, wherein said nebulizer comprises an element 
having a plurality of openings extending therethrough through which agent is 

25 distributed upon actuation of the nebulizer to produce droplets of agent in a size 
range of from 4 to 1 0 microns. 

28. The system of claim 27, wherein said nebulizer comprises a pair of 
spaced apart plate members defining a liquid-receiving chamber therebetween 
adapted to receive a quantity of agent from the vial, one of said members having a 

30 plurality of orifices extending therethrough through which liquid may be forced from 
the chamber to produce droplets of agent, and the system further comprises actuating 
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mechanism operable to reciprocate at least one of said members toward the other in a 
compression actuation to force liquid from said chamber through said orifices. 

29. The system of claim 28, wherein said chamber is operatively coupled 
to said vial whereby agent may flow from said vial to the chamber, and upon 

5 movement of the elements away from their compression actuation serves to draw 
agent from the vial into the chamber. 

30, The system of claim 28, wherein said actuating mechanism comprises 
an operator coupled to one of said plate members, operable to reciprocate said one . 
plate member toward and away from the other of said plate members. 

10 31. The system of claim 30, wherein said operator comprises a 

reciprocating member mounted for reciprocation toward and away from one of said 
-plate members, such that/upon extension the reciprocating member presses said one 
member toward the other member, and upon retraction allows said one member to 
move away from the other member. 
1 5 32. The system of claim 3 1 , wherein said reciprocating member 

comprises a fluid-actuated reciprocating piston operatively connected to said air 
source whereby application of positive pressure air thereto produces reciprocation of 
the piston to produce aerosolized agent and also to channel air into the mixing 
chamber to mix with the aerosolized agent. 
20 33. The system of claim 32, which further comprises a biasing element 

operatively coupled to said piston to assist in reciprocation thereof. 
34. An apparatus for administering an agent, comprising: 
a housing; 

a cooling chamber connected to the housing capable of receiving a vial 
25 containing an agent and further operable for maintaining the agent at a constant 
temperature; 

a power source connected to the housing; 

an air reservoir connected to the housing and operable to provide positive 
pressure as a propellant; 
30 a nebulizer connected to the housing and the power source, operable for 

converting the agent into an aerosol; 
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a mixing chamber connected to the nebulizer and the air reservoir to receive 
the aerosolized agent from the nebulizer and a propellant from an air tank; 

a trigger-actuated release mechanism operable for releasing a dose of the 
agent from the vial to the nebulizer, wherein the agent is converted into an aerosol 
5 and the aerosolized agent is mixed with the propellant from the air tank in the mixing 
chamber; 

a prong with an inlet and an outlet, wherein the inlet is operable to receive the 
aerosolized agent and propellant mixture from the mixing chamber, and the outlet is 
operable to deliver the aerosolized agent and propellant mixture to a patient's orifice; 



an anti-backflow valve between the mixing chamber and the prong outlet, 
wherein the valve is operable to prevent external or ambient air from entering the 
housing or the vial. 

35. The apparatus of claim 34, wherein the cooling chamber further 
1 5 comprises a replaceable ice pack. 

36. The apparatus of claim 34, wherein the nebulizer consists of one of 
the following: a pneumatic nebulizer or an ultrasonic nebulizer. 

37. The apparatus of claim 34, wherein the power source consists of one 
of the following: an AC power supply or a rechargeable battery. 

20 38. The apparatus of claim 34, wherein the air reservoir consists of one of 

the following: an internal or external compressed propellant source. 

39. The apparatus of claim 34, wherein the propellant comprises air. 

40. The apparatus of claim 34, wherein the trigger comprises an external, 
manually activated trigger. 

25 41. The apparatus of claim 34, wherein the prong comprises a hollow, 

flexible tube shaped to fit in a patient's naris. 

42. The apparatus of claim 34, wherein the prong is angled so that a direct 
path does not exist from the prong outlet through the anti-backflow valve. 

43. A system for administering an agent, comprising: 
30 a housing; 

a cooling chamber connected to the housing capable of receiving a vial 
containing an agent and operable for maintaining the agent at a selected temperature; 



10 



and 
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an air source operable to provide positive pressure air; 

a nebulizer operable for converting an agent into an aerosol; 

a mixing chamber to receive the aerosolized agent from the nebujizer and air 
from the air source; 

a release mechanism operable for releasing a quantity of the agent from the 
vial to the nebulizer, wherein the agent is converted into an aerosol and the 
aerosolized agent is mixed with air from the air source in the mixing chamber; and 

a prong with an inlet and an outlet, wherein the inlet is operable to receive the 
aerosolized agent and air mixture from the mixing chamber, and the outlet is 
operable to deliver the aerosolized agent and air mixture to a patient when the prong 
is inserted into a patient's orifice. 

44. Theapparatus of claim 43,-wherein the prong is angled so that a direct 
path does not exist from the prong outlet to the nebulizer. 

45. A method of administering an agent, comprising; 
maintaining an agent at a selected temperature in a vial associated with a 

cooling chamber; 

in response to a triggering event; 

releasing a dose of the agent from the vial to a nebulizer, 
nebulizing the agent with the nebulizer; 

supplying pressurized propellant to the nebulized agent to produce a 
nebulized agent and propellant mixture; and 

delivering the nebulized agent and propellant mixture through an associated 
prong to an orifice. 

46. The method of claim 45, wherein the nebulizer consists of one of the 
following: a pneumatic nebulizer or an ultrasonic nebulizer. 

47. The method of claim 45, wherein the triggering event is depressing an 
external trigger. 

48. The method of claim 45, wherein the triggering event is the elapse of 
a predetermined amount of time determined by a timer connected to the nebulizer. 

49. The method of claim 45, wherein the step of supplying pressurized 
propellant, further comprises supplying air from an internal or external air source. 
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50. The method of claim 45, wherein the drug is nebulized to droplets in a 
size range of from 4 to 10 microns. 

51 . The method of claim 45, wherein the nebulized agent and propellant 
mixture is delivered through the prong in one direction to a patient's orifice, and fluid 

5 flow in the reverse direction is inhibited. 
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SYSTEMS AND METHODS FOR 
AEROSOL DELIVERY OF AGENTS 

ABSTRACT 

5 Aerosol delivery systems and methods for delivering an agent to a patient are 

described herein. The present invention includes embodiments comprising an 
insulated receptacle connected to a body to hold a vial of an agent to be delivered to a 
patient. The vial is located in an inverted position within the receptacle and 
connected to the housing. One or more reusable thermal packs can be located on the 
1 0 inner sides of the receptacle, to maintain a selected temperature surrounding the vial. 
The agent is administered to a patient by placing a prong into one of the patient's 
orifices and then activating an aerosol delivery system. Such systems comprise jet 
aerosolization and pneumatic and ultrasonic nebulizers and preferably are portable. 
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